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This invention relates to tin oxide-sflica com- 
positions anff to metho for roducing them and 
bas for its obect the rovîsion of such comosl- 
tions to tenace .the tin oxide of commerce, which 
is a re]ative]y expensive material, in certain ap- 5 
Dlications. The commercial, oxide is extensively 
used fbr examplë, i the craïdustry " ï àn 
opcifi nd fo pëprîn- emic  sti, 
aCover coeT-gial tiOdë; go-far s 
fyfg powê ïg goficër-ed, d ïn otër casês theY 
advantaes ill become apparent as the descrip- 
tion proceeds. 
The comsitio ma: comprise sflica and 
oxide in variable pepoties.aRou- foz. any 
ven application/the mons. of each .compo 
nemt may be restrictd willi more or less well- 
defined liais in order fo secure the best 
coistent with ood. ti. oxide economY 
cordin fo the inventlo, composii compris 
in about 60 fo abou90% bYweih o ti oxida 
and about 5 fo abot. O by weih of silic 
produce results, as Pi, wiN e at leas 
satfactory. 
The compositions are.produoed n. solid form 
by heatin an aqueous sùti0 6f0d silicate 
class coistin of sodCm staaë a tin hy 
drate ai a temperaturë  in t- 0f aboU 
150  C. fo the critical temrtre.o wate 
ai a pressure sucient fo mIntaia hqUi.phasë 
touhout the temperate ra. éatin 
under pressure mà e cnued until n ïrther 
solid is ïorm, ai which rimé the heatin may be 
discontinued, the pressure released and the solid 
composition recovered. Where, as  preferabïe, 
s0ïU stais  had wi thë Sodim sili- 
ct pc]piê cmprsin  sflfc nd staïC  
oxide is formed, and coincident therewith is 
peucie o zeneration of caustic alkal in 
uncombined fo'. This alkali remains in te 
solution ate separation of the precipitate ad. 
may be recovered or re-used as such, thus afford- 
infhe  e0omîe» 
 em'ay uitable rae  Of sodium liate 
s0s The sodidm, sannate" ls deirbly.i.n  thë 5o 
form. of.. n. ous soluion, hich' m v 
idel: in. connion from diiue selio 
or m. hot Se iiil presç he snne 
sMUions my ermay no èonIn ohe en«.. 
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r[de sodi soaps, and he like. 
The emperature o- ëaig is gëëY- 
the range of about ig  Ci o 5ë Ci[cal 
arbre of water (appr0xmely 3-4 " gJ. 
been. found that he yïe oEïfn 0xië-iHC 
cpitute tend to Se greater a hfgher 
tures» and fo hïS reaon emperaês  fil 
of 1  c. ré prëfêred. PrticflIari- 
sults-have been êklï5ïëd bY hë 
obtained at 200 0 26 OE Wë f 
elle'er  :déd ë fê v'ëï¢ 6g ,. 
a liq.îdpase af all tes during the heatg. 
To this.end the pressure is coordited with the 
temperature fo maintain liquid phase Condition. 
Thus af the initia temperate of i5  C. the 
pressure maY be about 70 p. s. i., while af higher 
t'emDera«s: th pessuve  higher, rangn 
000:lS09p: S. L and m Fo  give:tempea- 
ture the pressée may be hig'e thg that nec- 
ssary to maintain'a liquid phase If 1las been 
ound-that for the solutio contemplated here- 
in» the steam-water vapor pressure relatiohip 
SUbstanîally lds. 
The rime -heating is preferably such as 
nable the mamUm amoant of çin 
g0 be 6rmed. Broàdly speaking, thé rime rouf 
väry fr0 a  mntes fo geveral ho,, bu 
actice; equflbrium, betwee the silicate and 
i: compund on thè one hgnd and te pr5ffUC 
esulting from  them on thè ether hand may 
ally be attaied in about a hall boat. 
In somë cases if mg be dabl6 t 
i hyd'aè fm t sodium stae solug. 
and then fo subject the hydrate ad sodium sfli- 
5e ogeSër to he a5bvë dècêff 
heatig, tliere Seing fred à soiïd 
is impure, as most iï ne E  
may be eliminated i .the  sep of precipitatin 
the tin hyate. The latte precipitation may 
be cai  '  mië- cid'. o 
Wïth Crb didCr-sdiumbicabÙne¤ 
 Wiém may be illtad by the data 
oï nume" 0f expriments in each of which 
solîon: con sodium staate and sodi 
silicate was head unde defite conditions o 
tin concentration, initial.free llï, 
pressuré d t« Theopcifg powe  thé 
precipitatd t oxide-siHêa comSiion obaî 
In  eaeh expeimDt .was them. viall 
with three coecil opaciflers, each 



ing of tin oxide and designated as X, Y, and Z. 
For this comparlson each composition and the 
three commercial materials were applled in the 
form of a glaze fo tile blocks, as in the manu- 
facture of sanitary ware, the glaze composition 
in each case being uniform outslde of the selec- 
tion of the opacifler. The glaze composition, in 
ters of weight percentages, is as follows: 
Na20_ .................................. 0.97 
K20 .................................... 4.60 
CaO ................................ . .... 11.70 
ZnO .................................... 8.10 
AhO3 ................................... 12.23 
SiO .................................... 58.50 
Opaclfler ............................... 3.90 
The advantages of the invention may also be 
reallzed wlth glazes havlng a more general range 
of Ingredients and welght percentages, such as 
those included withtn the followlng deflnitlon: 
NaO .................................. 0-7 
0 ........ ............................ O-- 7 
CaO ................................... 0-14 
ZnO _-_= .............................. 0-14 
PbO ................................... 0-40 
B203 ................................... 0-18 
A1203 .................................. 0-15 
StO ................................... 30-70 
Opacifler ............................... 1-10 
In the latter deflnltlon, at least one of the flrst 
rive ingredlents should be prescrit in the glaze. 
It is also preferable that alumina be prescrit. 
TABLE 1 
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The sodium silicate in the foregoing examples 
of Table I was a commercial material containing 
about 9% Na20 and 30% SiOn, although, as in- 
dicated above, any other generally su/table ma- 
5 terial is applicable. In eaih experiment the so- 
dium stannate solution and the sodium silicate 
solution were mixed and heated in an autoclave 
to the temperature listed and held at such tem- 
perature under the time and pressure conditions 
10 shown. As a result of such treatment, both silica 
and stannic oxide were progresslvely formed and 
precipitated in the solution, being separated 
therefrom at the conclusion of each experiment 
and leaving a mother liquor remaining which 
15 contained free caustlc alkalL A typlcal analysls 
of a mother llquor is as follows: 
F ' 
Sodium Hydroxide ] 
g./l. g./l. 
25 The column in Table 1 entitled "Tin 1%ecov- 
ery, %" represents the amount of tin recovered 
in the tin oxide-silica composition based on the 
total amount of tin in the sodium stannate so- 
lution. The Column headed "Stannic oxide con- 
30 tent, %" gives the tin oxide content in each 
composition, the balance of the composition being 
silica plus a small amount of alkali as NaO and 

Example 
Io. 

Sodium Stannate 

Idem Amount 
tfty liters 
A 2 
A 2 
A 2 
A 2 
A 10 
A 10 
B 5 
C 5 
D 2 
E 2 

Sodium 
Silicate 
Amount 

50 
50 
50 
25 
250 
250 
160 
180 
150 
75 

Temp. 
oC. 

265 
240 
225 
24O 
225 
225 
225 
240 
265 
3OO 

Gauge 
Press. 
p.s.i. 

730 
475 
35O 
475 
350 
350 
350 
475 
730 
1,200 

Time 
hrs. 

Tn 
Recov- Stannic 
ery Oxide 
Percent Content 
Percent 
89 86. 3 
77 83.3 
58 79. 5 
71 92. 2 
........ 77.0 
........ 85. 0 
73 85. 4 
57 89. 9 
82 82. 4 

NOTE: X produces a slightly whiter glaze than Y; and Y gives a whiter glaze than 
The identity of the sodium stannate solutions 
appearing in the second colunm of the above 6O 
table Is glven in Table 2. 
TABLE 2 
Analysis al sodium stannaÆe solutions 
65 

 " Identity 

Tin 
g./L 
7: 
11. 

Sodium Hydroxide 
TgO.ï.1, Free, 
o1 lo7 70 
137 ] 24 
208 6 
180 5 - 

Precipitated Composition 

Comparison wlth Commercial 
Tin Oxide in Sanitary 
Ware Glazes 

Pound for Tin Oxide 
Pound Basis Basis 
Matches Z .... Matches Z. 
Fair match fo Whlter tln Y. 
Y. 
Matches Y .... Whiter than 
X. 
Fair Match to Whiter than 
Good Match Whiter thanX 
to Y. or Y. 
Matches Y .... Do. 
Whiter than Do. 
XorY. 
Equal to X or 
Y. 
Fair Match to 
Z. 
Fair Match to 
Z. 

Zo 
water. A typical analysis of a composition after 
partial neutralization and calcination ls as fol- 
lows: 
Tin oxide ................... 88.4% .by weight 
Silica ...................... 7.8 
NaO .......... : ............ balance 

1%egarding the ratings of the tin oxide-silica 
compositions: which in Table 1 is represented by 
their Comparlson with the commercial opaciflers, 
those compositions which are listed as "whlter" 
than the commercial material are superlor there- 
to. Ratings of "equal" or "matches" denote 
equivalency, whfle "good" or "fair" indicates sat- 
isfactory performance. 
In preparing the compositions from sodium 
stannate solutions It is an advantage to main- 

, Slufries. 7 



tain the free alkali (NaOH), in the overall solu- 
tion to be autoclave, at low concentrations, as 
otherwise the yield of tin oxide precipitated from 
the solution may be affected, as indicated in the 
following table: 

TABLE 3 

Concentration of-- 
Example N o. Sodium I Free 
Stannate, ] NaOH 
g./l. of tin g./l. 
11 ............................ 00 ] .  
12 ............................ 98 I 1 
13.. _ 96 2 
14...-_:_':_-::::::::ïï:ï:-:ï:_-::l 94  3 

Tin 
Preclpl- 
tated, 
g./l. of tin 

65 
30 
22 
18 

As above described, the tin oxide-silica compo- 
sitions of the invention may be produced by heat- 
ing under pressure a mixture of solid tin hydrate 
preferably in the form of a wet filter cake, and 
sodium silicate solution. The following examples 
illustrate this alternate method: 
EXAMPLE 15 
To 10 liters of a sodium stannate solution con- 
taining approximately 110 g.C. of tin was added 
enough sodium bicarbonate solution at 80 ° C. to 
produce complote precipitation of the tin as tin 
hydrate. Aïter rePeated washings by decanta- 
tion, 74O cc. of sodium silicate of sp. gr. 1.4 were 
added to the precipitate, the total volume ruade 
up to 4 liters with the addition of water, and the 
resulting slurry heated to 230 ° C. in an autoclave 
for a period of ½ hour. After removal from the 
autoclave, the solid product was filtered, washed, 
acid-treated to a pli of 4.0, washed again, and 
dried at 110 ° C. It weighed 176 g. and had the 
following analysis: 
Per cent 
Sn02 .................................. 74.71 
SIO2 ................................... 15.05 
la20 .................................. 1.61 
Loss on ignition ......................... 7.82 
Total ............................ 99.19 
When this product was substituted for com- 
mercial stannic oxide containing 99+ % SnO2 on 
a pound for pound basis in a Cone Ii Sanitary 
Ware glaze, the resulting product so closely ap- 
proximated the commercial glaze that the naked 
eye could detect no difference. 
EX._MP LE 16 
To 1056 g. of wet tin hydrate, prepared as in 
Example 15, there was added 1 liter of sodium 
silicate solution and the total volume then marié 
up to 4 liters by addition oî water. This slurry 
was heated at 225 ° C. under 350 p. s. i. gauge for 
1 hour, and the resulting solid composition was 
then filtered, washed, dried, and calcined at 700 » 
C. If had the following analysis: 
Per cent 
SnO2 ...................... = ........... 60.3 
SiO2 ................................... 30.2 
la20 ...................... = ........... 9.9 
Total ............................ 100.4 
When this product was substiuted for a com- 
mercial tin oxide in a ceramic glaze on a basis 
of tin oxide content, it gave a more opaque glaze, 
i. e., refiected more light than one containing the 
commercial oxide. 
Other tests reveal that the present composi- 
tions compare favorably as opaciflers with com- 
mercial grades. In the following table are listed 

6 
reflectance data for (1) a glaze containing the 
composition of Example 3; (2) a glaze contain- 
ing the composition of Example 15; (3) a glaze 
employing the commercial opaci.fier X (99÷% 
5 SnO2); and (4) a glaze employing the commer- 
cial opacifier Y (99÷% SnO2). In all cases equal 
weights of the opacifiers were used without re- 
gard to their respective tin contentS. Also, the 
glaze compositions were uniform beyond the se- 
lO lection of the opacifler. 

15 

2O 

Opacifler 
No. Present 
in Glaze 

17 .................. Example 3 .... 
18 .................. Exemple 15__. 
19 .......... X ............. 

Reflectnce, Per 0ent 

Wlth I Wlth Wlth 
Blue I Green I Amber 
Fflter Filter Fflter 
65.7 I 72.8 ] 73.1 
63.1 I 69.0 I 71.1 
64.2 [ 69.81 70.3 
.o I 9.4 1 71.1 

The above data were obtained with a Hunter 
Refiectometer, which, as is known, measures the 
OE5 per cent of light reflected ïrom a surface. The 
use of filters tends to eliminate deviations result- 
ing ïrom the presence of color in the sample. As 
shown, the glaze of No. 17 is more opaque than 
either of the glazes containiug the commercial 
0 opacifier, while the glaze of No. 18 compares quite 
favorably with the latter. 
Alkali is generally present in the tin oxide- 
silica compositions and may run as high as 10% 
by weight (dry basls), calculated ss la20. It 
:n does not interïere with the opacifying power of 
the compositions, and, thereïore, may be left 
therein. If desired, it can be reduced to 1% or 
eliminated, by treatment with acid. Reduction 
of the alkali to i% or less, and preferably ifs com- 
40 plete elimination, is necessary when the composi- 
tions are used to prepare ceramic stains. 
Water may also be present in the compositions, 
varying from about 0 to about 10% ater drying 
at 110 ° C. The overall analysis, therefore, may 
45 be as ïollows (weight basis) : tin oxide 60-90%, 
sflica 5-30%, alkali as NaO 0-10%, and water 
0-10%. If the alkali is removed and/or if calcin- 
ing at 700-1100 ° C. is carried out to remove the 
water, the remaining ingredients will be propor- 
0 tionately increased. A preerred composition is 
one containing about 75% by weight o stannic 
oxide, the balance o which may essentially com- 
prise silica, or which may also contain alkali 
and/or water. 
 The tin oxide-sflica compositions must be dis- 
tinguished ïrom purely mechanical mixtures 
formed by merely mixing dry powdered sflica and 
stannic oxide. The latter mixtures do not show 
the opacifying properties o the compositions: 
6o The exact ïorm in which the tin oxide and sfllca 
are present in the compositions is not known, but 
if is felt that they may be united in some way, 
either physically or chemically, as a result of 
which the compositions are distinguishable over 
6 mere mechanical mixtures. The compositions 
are also distinguishable over commercial grades 
of .tin oxide in respect to color, the ormer havlng 
a whiter color than even 100% pure tin oxide. 
In the light of the ïoregoing description, the 
70 following is claimed: 
1. A method for obtaining silica-tin oxide opac- 
ifying compositions which comprises heating an 
aqueous solution containing sodium stannate and 
sodium silicate at a temperature in the range o 
75 about 150 ° C. to the crltical temperature of water 



and at a pressure sufficient fo maintain a liClUld 
phasethroughout said ëmperature.range, where- 
by a composition comprising stannic oxide .and 
silica is precipitated, continuing the heating .until 
no further amount of precipitate is formed, and 
thereafter separating andrecovering said.precipi- 
tare ïrom the remaining solution. 
2. A method for obtaining .silica-tin oxide 
compositions which comprises heating an aqueous 
solution containing sodium stannae and sodium 
silicate at a temperature in the range of about 
150 ° C. to the critical temperature of water and 
at a pressure sufficient fo maintain a liquid phase 
throughut said temperature range, whereby a 
composition comprising stannic oxide and sflica 
is lrêcipitated and caustic alkali is produced, and 
thereafter separating and recovering said pre- 
cipitatefrom the remaining solution, saidsolution 
containing said caustic alkali. 
S. A method for obtaining silica-thl oxide com- 
positions which comprises heating an aqueous 
solution containing sodium, stannate and sodium 
silicate ai a temperature in the range of about 
150 ° .C. fo the critical temperature of water and 
ai a pressure sufficient to maintain.a.liquid phase 
throughout said temperature range, whereby a 
composition comprising Starmic oxide and silica 
is formed. 
4. A method for obtaining silica-tin oxide'com- 
positions which comprises heating an aqueous 
solution containing sodium stannate and sodium 
silicate .ai a temperature in the range of-about 
200 to.240 ° C. and ai a pressure suflïcient fo main- 
tain a liquid phase throughout said temperature 
range, whereby a composition comprising stannic 
oxide and silica is "formed. 
5. A method for obtaining silica-tin oxide com- 
positions  which comprises heating an-aqueous 
solution of sodium silicate with a tin compound 
selected fl, om the c!ass consisting of sodiumstan- 
nate and tin hydrate ai a temperature in the 
range of about 150 ° C. to the criticat temperature 
of water and ai a pressure sufficient to maintain 
a liquid phase throughout said temperaturerange, 
whereby a composition comprising stannic oxide 
and sfltca is formed, coninuing the heating until 
no further amount of solid material is formed, 
and thereafter separting and recovering said 
composition from the remaining solution. 
6. A method for obtaining silica-tin oxide com- 
positions which comprises heating an aqueous 
solution of sodinm silicate with a tin compound 
selected from the class conststing of sodium stan- 
nate and tin hydrate ai a temperature .in the 
range of about 150 ° C. to the critical temperature 
of water and ai a pressure sufiïcient fo maintain 
a liquid phase throughout said temperatureTange, 
whereby a composition comprising stannic oxide 
and .sflica is.formed. 
7. A method for obtaining silica-tin oxide com- 
positions which comprises heating-an aqueous 
solution, of sodium silicate with a tin compound 
selected from the class consisting of sodium stan- 
nate and tin hydrate ai a temperature in the 
range of about 200 to 240 ° C, and ai a ..pressure 
sulcient fo maintain a liquid .phase throughout 
said.temperature range, whereby a compositlon 
comprising stannic oxide and silica is formed. 
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8. A _precipitated silica-tin ,ide composition 
comprising-about 5 to about 30% by weight.of 
silica and about 60 to about 90% by weight..of 
stanni¢ oxide, said composition having been 
5 formed by heating an aqueous solution of sodium 
silicate together with a tin compound selected 
from ,the class consisting of sodium stannate and 
tin hydrate ai a temperature in the range of 
about 150 ° C. fo the critical temperature of water 
10 and ai a pressure sufficient fo maintain a liquid 
phase throughout the temperature range. 
9. A method for obtaining silica-tin oxide 
opaciÏying compositions containing-about 5 to 
about 30% by weight of silica and about 60 to 
15 about 90% by weight of stannic oxide, which 
comprises heating an aqueous solution contain- 
ing sodium stannate and sodium silicate .ai .a 
temperaturein the -ange of about 150 ° C. o the 
critieal emperatre of-water and ai a pressure 
20 sufficient fo maintain a .liquid .phase through- 
out said temperature range, the concentrations.of 
sodium stannate and sodium silicate in said-solu- 
tion being sulcient fo .produce said compositions, 
whereby a composition comprising stannic oxide 
25 and sflica in the above stated proportions is 
formed. 
10. A method for obtaining silica-tin oxide 
opaciying compositions containing about 5 to 
about 30% by weight of silica and about 60-to 
30 about 90% by weight of stannic oxide, which 
comprises heating an aqueous solution contain- 
ing sodium stannate .and sodium silicate ai a 
temperature in the range of about 200to 240 ° C. 
and at-a pressure sucient to maintain a liquid 
35 phase throughou said temperature range, the 
cormentrations of sodium stannate and sodium 
silicate in said solution being sufficient to produce 
said compositions, whereby a composition com- 
prising stannic oxide and silica in the above 
4o stated proportions is formed. 
1"1. A method for obtaining silica-tin oxide 
opacifying compositions containing about 5 .to 
about 30.% by weight oI sflica and about 60 to 
about 90% by weight of stannic oxide, which 
45 comprises heating an aqueous solution ofsodium 
silicate with a in compound selected from the 
class consisting of sodium stannate and .tin hy- 
drate ai a temperature In the range of about 
150 ° C. fo the critical temperature of .water and 
.50 ai a ressure sufficient ,to maintain a liquid phase 
throughout said temperature range, the concen- 
trations of sodium silicate and said tin compound 
being suflïcient to produce said compositions, 
whereby a composition comprising stannic oxide 
55 and silica in tte above stated proportions is 
formed. 
HAIT1VIUT W. IICHTER. 
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